In the Specification 
On page 1, before the Title, kindly delete the following heading: 
D e scription 

Kindly replace paragraphs [0001] through [0007] with the following: 
Related Application 

This is a §371 of International Application No. PCT/JP2005/002148. with an international 
filing date of February 14, 2005 (WO 2005/080533 AL published September L 2005V which is 
based on Japanese Patent Application No. 2004-045515, filed February 20, 2004. 
Technical Ficld Technical Field 

The invention relates to a biomass gasification system and operating method thereof wherein 
a seal is formed to mutually separate and isolate the internal environments of a gasification furnace 
and thermal source, and a stable supply of a slag from the gasification furnace to the thermal source 
is obtained through a slag feed system. 
Relat e d Ar t Background 

A known biomass gasification system generates fuel gas through a process by which wood 
chips or poultry manure is thermally cracked in a non-oxidizing environment of a gasification 
furnace at temperatures from 600°C to 900°C. This system gasifies the combustible organic 
component of the biomass within a temperature range of from 200°C to 600°C. The fuel gas thus 
obtained is sent to an electrical generator powered by a combustion engine, gas engine, fuel cell, or 
other like fuel gas utilization device. This type of biomass-based electrical generating system has 
been looked upon with increasing interest during recent years. 

Japanese pPatent aApplication (No. 2003-1 5 565 discloses a biomass gasification 
system in which biomass is processed through the application of thermal energy from a thermal 
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source in order to generate a fuel gas. This system includes a slag supply system which feeds slag 
generated by the gasification furnace to the thermal source for use as a heat-generating fuel therein. 
Specifically, the slag supply system incorporates an extraction feeder connected with a slag 
extraction part of the gasification furnace and an insertion feeder provided between the extraction 
feeder and a slag insertion part of a thermal airflow generator as a thermal source. The former 
extracts the residual carbide (slag) generated by the gasification furnace in the biomass thermal 
treatment process, and the latter supplies the slag from the extraction feeder to the thermal airflow 
generator for use as such fuel therein. The slag supply system is thus able to sequentially feed the 
slag generated in the gasification furnace to the thermal airflow generator. 
Di s closur e of the Invention 
Shortcoming s Resolved by the Invention 

Combustible fuel gas is generated within the internal environment of the gasification furnace, 
and exhaust gas, which includes combusted high temperature air for heating the gasification furnace, 
is generated in the internal environment of the thermal airflow generator. It is important that the 
respective internal environments of the gasification furnace and thermal airflow generator are 
mutually sealed off from one another. Therefore, a sealing mechanism must be provided in the slag 
supply system connecting the gasification furnace and thermal airflow generator in order to separate 
the respective environments. This sealing mechanism has taken the form of a damper or other like 
mechanical sealing device capable of appropriately opening and closing passages in the slag supply 
system so as to ensure both of seal and supply. 

There are problems, howeve r, in that sla g . Slag tends to build up and bridge across the 
passages of the slag supply system at locations where the mechanical seals have been installedrand 
in that . Also, the components of the sealing mechanism tend to deform as a result of the heat of the 
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high-temperature slag. This is a phenomenon which adversely affects the reliable operation of the 

sealing mechanism. 

Summary 

This invention relates to a biomass gasification system in which thermal energy from a 
thermal source is applied to a gasification furnace to generate fuel gas, and in which a slag feed 
system is incorporated to supply slag generated in the gasification furnace to the thermal source for 
use as a heat- generating fuel therein including a slag holding part installed to the slag feed system 
and accumulating the slag. 

This invention also relates to a biomass gasification system operating method applied to a 
biomass gasification system in which thermal energy from a thermal source is applied to a 
gasification furnace to generate fuel gas, and in which a slag feed system is incorporated to supp ly 
slag generated in the gasification furnace to the thermal source for use as a heat-generating fuel 
therein, including accumulating slag in a holding part installed to the slag feed system and forming a 
seal between internal environments of the gasification furnace and the thermal source. 
Brief Description of the Drawings 

Fig. 1 is a schematic diagram of a biomass gasification system. 

Fig. 2 is a drawing describing how the electrical conductivity of slag is measured. 

Fig. 3 is a graph illustrating the relationship between the airflow temperature and floor 
temperature of the thermal airflow generator during operation of the biomass gasification system. 
Detailed Description 

In respons e to th e aforesaid shortcomings in th e prior art, the inv e ntor has constru e d Wg 
provide a biomass gasification system and operating method thereof wherein the internal 
environments of the gasification furnace and thermal source are mutually sealed off from one 
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another, and wherein a slag feed system provides a stable supply of slag from the gasification furnace 
to the thermal source. 

M e an s of Overcoming Shortcoming s in the Related Art 

The pr e s e nt biomass gasification system inv e ntion applies thermal energy from a thermal 
source in ord e r to generate fuel gas from biomass in a gasification furnace, and incorporates a slag 
feed system capable of supplying slag generated in the gasification furnace to the thermal source for 
use as a heat-generating fuel therein, and further incorporates a slag holding part in which the slag 
accumulates. 

Kindly replace paragraphs [0009] through [0012] with the following: 

A d e t e ctiv e m e ans detector is provided to monitor the amount of slag in the holding part. 

The d e t e ctiv e m e ans d etector is structured in the form of at least two electrodes which come 
into contact with the slag to form a conductive circuit. 

Transport m e ans A transporter is provided between the holding part and thermal source in 
ord e r to transport slag from the holding part to the thermal source when the amount of slag, as 
monitored by the detective means, exceeds the amount required to form an environmental seal 
between the gasification furnace and thermal source. 

[[A]]The biomass gasification system operating method inv e ntion applies thermal energy 
from a thermal source to a gasification furnace in which the thermal energy is used to generate fuel 
gas from biomass, and provides m e ans of f ee din g a slag feeder for slag generated in the gasification 
furnace to the thermal source for use as a heat-generating fuel therein. The operating method 
includes a step that the slag accumulating in the holding part installed to the slag feed system forms a 
seal which mutually isolates and separates the internal environments of the gasification furnace and 
thermal source. 
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Kindly replace paragraphs [0014] through [001 7] with the following: 
Effect of the Invention 

The biomass gasification system and operating method invention appropriately seals and 
separates the internal environments of the gasification furnace and thermal source, and is able to 
provide a stable supply of slag from the gasification furnace to the thermal source through the slag 
feed system. 

Preferred Embodiment s of th e Invention 

The following description p rovides a detailed description of an e mbodim e n t a selected, 
representative example of the biomass gasification system and operating method thereof inv e ntion 
with reference to the attached drawings. The biomass gasification system inv e ntion , as described 
here in this e mbodiment and illustrated in Fig. 1 , includes a slag feed system 3 which supplies slag S 
to a thermal source, in this case thermal airflow generator 1 , for use as a heat-generating fuel therein, 
saidthe slag S having been generated as a residual component of the process where the thermal 
airflow from the thermal airflow generator 1 is applied to wood chips or other biomass material to be 
cracked into a fuel gas. The slag feed system 3 also includes a vertical hopper 4 as a holding part in 
which slag S accumulates. 

The gasification furnace 2 is a dual-chamber structure comprising a gasification chamber 2a 
into which biomass is placed and subjected to a heating process in ord e r to generate fuel gas, and an 
external thermal chamber 2b formed around the periphery of gasification chamber 2a as means of 
applying energy thereto for executing the heat process. Thermal airflow generator 1 operates by 
combusting a fossil fuel or slag S which is supplied from the gasification furnace 2 in ord e r to 
generate a thermal airflow of exhaust gas containing high temperature air. The thermal airflow 
generated by the thermal airflow generator 1 heats the gasification chamber 2a of the gasification 
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furnace 2 by flowing through the external thermal chamber 2b from where it is blown back to the 
thermal airflow generator 1 by a thermal circulation fan 5. A slag discharge part 2c is installed to the 
gasification chamber 2a of the gasification furnace 2 as means of discharging slag S which is carbide 
generated by the biomass thermal cracking process. Slag insertion part' la is provided with the 
thermal airflow generator 1 to supply slag S thereto. 

The slag feed system 3, which is installed between slag discharge part 2c of the gasification 
furnace 2 and slag insertion part la of the thermal airflow generator 1, transports slag S from the 
gasification furnace 2 to the thermal airflow generator 1 at a temperature above 350°C. The slag 
supply system 3 includes extraction means in th e form of a n such as extraction screw feeder 6 
powered by motor 6a, and transport means in th e form of a n such as insertion screw feeder 7 powered 
by motor 7a. The feeders 6 and 7 are enclosed within a hermetically sealed cover 8. The extraction 
screw feeder 6 is approximately horizontally disposed, and includes a collector end 6b connected to 
slag discharge part 2c of the gasification furnace 2 and an export end 6c to which the discharged slag 
S from the gasification furnace 2 is sent by feed operation. The insertion screw feeder 7 is in 
inclined disposition with its upper discharge end 7b connected to slag insertion part 1 a of the thermal 
airflow generator 1, and its lower receiver end 7c disposed beneath the export end 6c of the 
extraction screw feeder 6. The insertion screw feeder 7 transports slag S, which has been supplied by 
the extraction screw feeder 6 to the receiver end 7c, to the thermal airflow generator 1. 
Kindly replace paragraphs [0020] through [0021] with the following: 
Det e ction m e ans A detector , in the form of electrically conductive electrodes 9, 10 and 11, 
areis installed to the vertical hopper 4 and afein contact with slag S therein in ord e r to monitor the 
slag volume, that is to say^ the height of slag S[[,]] accumulated within the vertical hopper 4. Slag S 
is a particulate substance which may have a particle diameter ranging from 1 to 10mm. If the 
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biomass raw material consists of wood chips, elemental analysis of the resulting slag S reveals, as 
shown in Table 1, that 88% of the composition is electrically conductive carbide. As shown in Fig. 
2, an electrical circuit tester 12 reveals that such slag S has approximately 5,000 Ohms of resistance 
when measured over a 100mm span, thus indicating a substantial amount of electrical conductivity. 
fTable 1} 





Unit of 
measurement 


Combusted Sample 


wood chips 


Carbide 


Sodium 


% 


0.036 


0.031 


potassium 


% 


0.15 


0.87 


all chlorines 


% 


0.39 


0.39 


Carbon 


% 


46 


88 


Hydrogen 


% 


6.1 


less than 0.1 


Nitrogen 


% 


0.2 


0.2 


combustible sulphur 


% 


0.19 


0.05 


gross caloric value 


MJ/kg 


19.2 


31.5 


water component 


% 


64 


2.5 


volatile component 


% 


83.5 


4.5 


ash component 


% 


0.3 


2.7 


Oxygen 


% 


46 


9.2 


combustible component 


% 


35 


94 


solid oxygen 


% 


16.2 


92.8 


all sulphurs 


% 


0.22 


0.07 


combustible chlorine 


% 


less than 0.01 


0.04 



Table 1: Carbide slag from wood chips 



Electrodes 9, 10 and 1 1 , which are mav be made of stainless steel, are disposed to penetrate 
the walls of the vertical hopper 4, and are electrically insulated from the hopper walls by 
encapsulation within insulators 13. Three electrodes 9, 10 and 11 are illustrated and used in this 
e mbodim e nt example, although other numbers of electrodes maybe employed . The first electrode 9 
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is installed at the top end of the vertical hopper 4, the second electrode 10 is installed to the vertical 
hopper 4 below the bellows duct 4c at a height establishing the volume of slag S required to form an 
effective seal, and the third electrode 11 is installed below the second electrode 10 and above the 
receiver end 7c of the insertion screw feeder 7 at a height which establishes the minimum volume of 
slag S required to form the seal. A wire lead 14 is attached to each electrode 9, 10 and 11, and also to 
lower hopper 4b. 

Kindly replace paragraph [0025] with the following: 

While the biomass gasification system is operating, the height of accumulated slag S in the 
vertical hopper 4 is monitored by d e t e ction m e ans in th e form o f detectors such as electrodes 9, 10 
and 1 1 . A small amount of electrical current is applied by the electrical power source 1 5 to the wire 
leads 14 connected to the electrodes 9, 10 and 11 and the lower hopper 4b. The control unit 16 is 
able to recognize a conductive or insulated state between each electrode 9, 10 and 1 1 and the lower 
hopper 4b, the conductive or insulated state being determined by the accumulated slag S respectively 
contacting or not contacting the electrodes 9, 10 and 11. 

Kindly replace paragraph [0028] with the following: 

Furthermore, when the insertion screw feeder 7 is running at a slow speed with the second 
electrode 10 in a insulated state (and the third electrode 1 1 in a conductive state), the control unit 16 
will output a "stop" signal to the motor 7a in ord e r to terminate operation of the insertion screw 
feeder 7 as ameans of preventing the height of the accumulated slag S from reaching the third 
electrode 11 which establishes the minimum allowable slag height. When the second electrode 10 
returns to a conductive state (with the third electrode 1 1 also in a conductive state), the control unit 
16 will output a signal to the motor 7a to re-start the insertion screw feeder 7 at a low speed to 
resume the transport of slag S to the thermal airflow generator 1. 
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Kindly replace paragraphs [0030] through [0031] with the following: 
The biomass gasification system and operating method thereof, as described in this 
e mbodim e nt example, utilizes a holding part, in the form of the vertical hopper 4, which is installed 
to slag feed system 3. The accumulation of slag S in the vertical hopper 4 provides a sealing 
function able to mutually separate and isolate the internal environments of the gasification furnace 2 
and thermal airflow generator 1 . Compared to a mechanical sealing structure wherein slag S forms a 
bridge across the installation region of such sealing structure, and wherein thermal distortion of the 
mechanical sealing structure adversely affects its operation, the utilization of only accumulated slag 
S in the vertical hopper 4 to seal off the internal environment of the gasification furnace 2 from that 
of the thermal airflow generator 1 eliminates the need for a mechanical sealing component. An 
extremely simple and extremely reliable sealing structure is thus obtained. In respect to the method 
wherein slag S is supplied to the thermal airflow generator 1 from the gasification furnace 2, the slug 
feed operation through which the slag feed system 3 allows slag S to temporarily accumulate within 
the vertical hopper 4 while concurrently supplying slag to the thermal airflow generator 1 proceeds in 
a highly stable manner without any adverse affects on the effectiveness of the seal formed by slag S. 

The pressures within the gasification furnace 2 and thermal airflow generator 1 are separately 
controlled to a pressure differential within about 200Pa. For example, if the specific gravity of slag S 
is 0.113 and slag S has been accumulated within the vertical hopper 4 to a height of 354mm, the 
sealing function may be maintained up to a pressure differential of about 400Pa. 
Kindly replace paragraphs [0033] through [0037] with the following: 
This e mbodiment sp e cifi e s d e tectiv e m e ans in ord e r example includes a detector to detect the 
volume of slag S within the vertical hopper 4, therefore making it possible to accurately comprehend 
the amount of slag S accumulated therein. Knowing the height of slag S in the vertical hopper 4 



10 



enables automatic or manual control of the slag feed system 3 in ord e r to maintain the volume of slag 
S at a r e quir e d specified height which provides the sealing function, and to enable an appropriate 
supply of slag S from the gasification furnace 2 to the thermal airflow generator 1. 

The detection value provided by the detective means is applied to enable automatic operation 
of the biomass gasification system, particularly the automatic operation of the insertion screw feeder 
7. In this e mbodim e nt, th eThe control unit 16 utilizes the conductive or insulated states of the 
electrodes 9, 10 and 1 1 to automatically control operation of the insertion screw feeder 7 through the 
motor 7a in order to maintain a level of slag S in the vertical hopper 4 sufficient to provide the 
required sealing function, and to appropriately control the supply of slag S to the thermal airflow 
generator 1. 

In other words, in this e mbodim e nt, the switching point at which the operation of the 
insertion screw feeder 7 starts or stops is based on the amount of slag S in the vertical hopper 4. The 
point in time at which the level of slag S rises above the second electrode 1 0 is monitored, that is, the 
point in time is detected at which the second electrode 10 assumes a conductive state indicating that 
the required environmental seal has been established. This operation thus enables the supply of slag 
S from the vertical hopper 4 to the thermal airflow generator 1 to be executed in a manner which an 
appropriate supply of slag S is maintained under assurin e to assure an adequate sealing function. 

Moreover, the det e ctiv e m e ans detector, which is structured from the conductive electrodes 9, 
1 0 and 1 1 which penetrate the wall of vertical hopper 4, and from the lower hopper 4b which also 
functions as an electrode, utilizes the conductivity of slag S. Therefore, the amount of slag S within 
the vertical hopper 4 may be externally grasped even with the temperature of the slag S being in 
excess of 350°C. Furthermore, the det e ctiv e m e ans detector operates with a high level of reliability 
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due to its simple structure comprising eftiy-the electrodes 9, 1 0 and 1 1 , even though they are installed 
to the vertical hopper 4 in which slag S is cast. 

Moreover, fee-installation of electrodes 9, 10 and 11 at points of three levels within the 
vertical hopper 4 enables the-detection of three different slag heights through which operation of the 
insertion screw feeder 7 is controlled. Thus, an e xtr e mely a fine level of control maybe established. 

Kindly replace paragraphs [0039] through [0040] with the following: 

While the preceding description of th e e mbodim e nt refers to the holding part structured in the 
form of the vertical hopper 4, the holding part may also be structured in other ways such as a 
horizontal hopper, when the extraction screw feeder 6 as a push-in type feeder which pushes slag 
horizontally into the hopper is used and the amount of slag S is detected along the length of the 
horizontal hopper. Of course, a slant hopper or other shapes/orientations may be used. Moreover, 
the power source 15 maybe installed to each electrode 9, 10 and 11. 
Brief De s cription of th e Drawings 

Fig.l is a sch e matic diagram of a pr e f e rr e d e mbodiment of th e biomass gasification syst e m 
inv e ntion. 

Fig. 2 is a drawing d e scribing how th e e l e ctrical conductivity of slag is measur e d. 
Fig. 3 is a graph illustrating th e r e lationship b e tw ee n th e airflow temp e ratur e and floor 
t e mp e rature of th e th e rmal airflow gen e rator during operation of the biomass gasification system. 
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